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PEEFACE. 



The present volume replaces the origi- 
nal No. 22 of Van Nostrand's Science Se- 
ries, bearing the same title, by Mr. John B. 
McMaster. 

Mr. McMaster's volume treated mainly 
of the mathematical calculation of high 
masonry dams as it was understood at 
the time at which he wrote. Since then 
the masterly treatise of Mr. Edward Weg- 
mann, upon the same subject, has so com- 
pletely superseded all other treatment of 
the mathematical features involved that 
it would be useless to revive old methods. 

Besides, the present author has long 
been convinced of the fact that, in view 
of the many practical limitations which 
surround the design of a high masonry 
dam, it is useless to attempt to adhere to 
a general formula for that great desidera- 
tum of all economical engineering design ; 

namely, a Section op Equal Resistance. 



The mathematical researches of those au- 
thors who have investigated this problem 
have established a vertical section, the 
basis of which is a right-angled triangle 
of base equal to two-thirds or three-quar- 
ters of its height, as that leading to, or at 
least looking towards, such a result. The 
most refined calculations will inevitably 
bring us back to the neighborhood of this 
form for at least the first hundred or two 
hundred feet of any proposed dam, the 
difference of relation between the base and 
height of the triangle depending mainly 
upon the limiting unit stress adopted. 

We -cannot do better, therefore, than to- ' 
profit by, rather than to repeat, the labors 
of those distinguished mathematicians and 
engineers who have been our pioneers in 
this work, and start our designs by first lay- 
ing down such a triangle, surmounting it by 
a proper practical top width instead of its 
own sharp apex, and, if its height exceeds 
80 to 100 feet, giving a flare to the lower 
part of its inside face to expand the foot- 
ing on that side. Then, by simple and 
well-known processes, we determine the 



maximum compressive stress upon the 
material at certain different heights, upon 
the two assumptions of an empty and a 
full reservoir, and if they do not prove 
satisfactory, modify the section accord- 
ingly, subordinating the modifications to 
certain practical conditions previously de- 
termined upon. 

It will be seen that the dangerous 
stress in a very high masonry dam is the 
crushing one. The author has endeavored 
to treat the question of this particular 
stress quite fully, beginning with its con- 
sideration when uniformly distributed, and 
showing the manner in which, theoretical- 
ly, a structure can be proportioned so as> 
to render this stress uniform, no matter 
to what height it may be raised. In this> 
way the rapid increaso of base, after a 
certain height has been reached, necessary 
to secure this uniformity of pressure, i& 
clearly shown, indicating that there is a 
practical limit to the height to which the 
structure can be raised. The investiga- 
tion then passes to the consideration of 
maximum unit stresses when the resultant 



of pressures cuts the base unsymmetri- 
cally, as is the case in dams. 

The proper practical section of a high 
masonry dam having been evolved, the 
manner of executing the work is then 
i>riefly treated of, with a description of the 
necessary accessories to the dam, in order 
that the purposes for which it was built 
may be satisfactorily accomplished. It is 
hoped that this portion of the book may 
prove a valuable addition to the subject. 

It may be useful to the reader who cares 
to look farther into the general subject of 
dam and reservoir building, to mention 
that considerable additional information 
is to be found in the second revised edi- 
tion of " The Designing and Construction 
of Storage Reservoirs," which forms No. 6 
of the present series. 

E. S. G. 

Yonkers, N. Y., July, 1897. 
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CHAPTER I. 



Static Stresses. 



Let ABCD, fig. 1, represent the ver- 
tical section of a rectangular wall of 
masonry sustaining the pressure of a body 
of water level with its top. 




Fig. I. 

The pressure of the water tends first to 
push the wall forward, bodily, by causing 
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it to slide upon its base. If this tendency 
is resisted, the next effort of the water- 
pressure is to overturn the mass by caus- 
ing it to rotate around the point B. 

With what force does the water press, 
.and with what strength does the wall 
resist t 

Considering always a slice of wall and 
*water one foot thick, so that areas' in 
square feet will represent volumes in cubic 
feet, and, assuming the density of water 
to be G2.50 lbs. per cubic foot, and repre- 
senting the height of the wall by /*, then 
by well-known principles of hydrostatics, 
-the horizontal thrust T * of the waiter 
against the surface A C is : 

T = 31.25/**. (1) 

This is the pressure tending to push the 
-wall forward upon its base. The pressure 
is resisted by the weight of the mass 
represented by the area A B C D, multi- 



*The horizontal tbrust is always expre sed by (1) no 
matter what form the surface A G may assume, whether 
-vertical, inclined, plane or curved, h being the depth- of 
-water press ng against it. 



plied by its coefficient of friction. This 
latter factor is a very uncertain quantity. 
It is frequently "assumed as about 0.75. 
With good masonry it is probably a great 
deal more, because the resistance then 
becomes the transverse strength of the 
masonry, or its resistance to shearing, 
rather than the mere resistance of friction. 
However, to conform to usage, we will 
assume a coefficient of friction of 0.75. 
Then, the thickness A B or C D of the 
wall being represented by b, and the 
density or weight of a cubic foot of the 
masonry, by d, its weight will be h b d 7 
and the resistance to sliding, R of the 
wall or the weight multiplied by the 
coefficient of friction, will be 

R = 0.75 h b d (2) 

For equihbrium: 

31.25 h 2 = 0.75 h b d, * 

With a given height and density the 
required factor is b, and we have 

_ 41.67 h 
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, This is the equation for exact equilib 
Tium. Using a factor of safety of 2 ; th< 
above becomes 

r 83.3U 

h = -T- ; (4 

Assuming a light brick wall d = 115, 
then, in round numbers 

7 3 I 

4 
Assuming a granite or limestone wall, 
d= 165 

The above values of b represent the 
two extremes of weight of wall, and show 
that, under conventional assumptions, the 
height of such a wall should not exceed 
from 1£ to 2 times its thickness. 

Next, as regards the tendency to over- 
turn. The force tending to produce 
overturning is the horizontal thrust T, 
multiplied by the height of its point of 
application above the point of rotation B. 

This height, by well-known principles, is 

-^; hence the overturning moment of 



• * 
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the thrust M T is 

MT = 10.42 A 8 (5) 

The resisting moment, M R, of the wall 
is its weight multiplied by the horizontal 
distance of its centre of gravity from the 

point of rotation, in this case = -~-. Then 

MR = ^' (6) 

For equilibrium, 

10.42 h* = *-|*-', 

•=^?' ■■■•<'> 

Assuming a factor of safety, 2, in (6), 

b = ~V^ •. (8) 

assuming d = 115 ; 

b = 0.60 k ) 
assuming d = 165 

I = 0.50 h. 

As against overturning, therefore, the 
density of the masonry has but a compar- 
atively slight effect upon the thickness 
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of the wall, since its square root only 

enters the calculation, instead of its full 

value, as in the resistance of the wall to 

sliding. 

In round numbers, and for safety, we 

will assume always 

2h 

The tendency of the wall to slide on its 
base is somewhat balked by the tendency 
to capsize, which prevents a fair and 
square shove taking place. Except in 
some special cases, where there is an abnor- 
mal tendency to slide, such as a masonry 
wall built upon a timber platform with the 
planking running in the direction of the 
thrust, experience shows that, if the wall 
is secure against overturning, it is also 
against sliding 5 so that this latter cause of 
failure need not be considered in general.* 

Fig. 1 shows what is called a, plumb watt; 
that is, one of which the vertical section is 



* When a wall stands upon a slippery foundation, how- 
ever, its stability as against sliding must be carefully con- 
sidered, for in such a case, it may be much less than that 
against overturning. 
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a rectangle. Walls for dams are never 
built upon this section; but the conditions 
of stability having been determined for 
such a wall, its section is very easily 
transformed into an equivalent trapezoid. 
This can be done by " trial and error/' but 
a sufficiently close approximation is arrived 
at by using Vauban's rule, which may be 
exemplified as follows : 



c 


F 




!> 




' 


' 1 


B 







Fig. 2. 

Let A B C D, fig. 2, represent a plumb 

wall. On B D take B E = -^p. Then, 

through the point E, any line, F G, will 
form a trapezoid A G C F, of which the 
resisting moment will be very nearly 
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equal to that of the rectangle A B C D. 
This, transformation results in a very con- 
siderable economy, for the triangle E F D 
is replaced by the very much smaller one 
BEG. 

To test all this by an example, referring 
to fig. 2, let A C = 45 ft. and A B = 30 ft.; 
let B E = 5 ft, and C F = 6 ft.j then, by 
similar triangles, 

BG = 24 
5" 40' 
B G = 3 ft., 
and A G = 33 ft. 

The area of the rectangle is 1350 square 
feet, and that of the trapezoid 877.75 
square feet, or 65 per cent, of the rectan- 
gle. The moment of resistance of the 
rectangular section is 

*L^f-*- 3 - = 20250. 

To find that of the trapezoid, divide it 
into a rectangle and a triangle (fig. 3). 
Then the moment of resistance of the 
rectangle around the point G is 
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45 X 6 X 30 = 8100 ; 
that of the triangle is 

45X27X18 = 10935. 




Fig. 3. 

Their sum is 19035, or 94 per cent, of 
the moment of resistance of the rectangle 5 
hence 35 per cent, of economy has been 
gained at the expense of 6 per cent, of 
stability. 

To test the factor of safety of above 
section, find first the overturning moment 
of water-pressure from (5), 

MT= 10.42 X 45* = 949523 foot pounds. 
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To find that of the wall, supposing its 
density to be 140 lbs. per cubic foot, 

M R = 19035 X 140 = 2664900 ft. pds. 

Factor of safety, 

2664900 _ p m 
949523 — 

The section is acted upon by two forces, 
the thrust of the water and the weight of 
the mass, acting at right angles to each 
other. They will have an oblique result- 
ant, cutting the base at some point which 
may be easily determined. For this it 
will be first necessary to find the horizon- 
tal distance, x, of the centre of gravity of 
the mass from the outer toe G of the 
dam. Thus, referring to previous calcula- 
tions, 

x = on ^ nn = 21.70 feet. 
877.75 

Now, referring to fig. 4, we have the 
weight of the mass 122885 lbs. acting 
vertically downward through the centre of 
gravity of the mass, at the distance already- 
determined, 21.70 ft. from the toe. The 
thrust of the water, 63281 lbs.; acting hori- 
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45 

zontally at the height of -=- = 15 ft. front 

the base, cuts the line of action of the- 




Ficj.4. 

weight, and enables us to construct the 
triangle of forces shown in the figure. 

These data are all that are necessary 
to calculate the distance G P of the point 
P, where the resultant cuts the base from 
the toe G j for, from similar triangles, we 
have 



x 



15 



63281 122885* 
x = 7.70 ft. 
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Then G P =: 21.70 — 7.70 = 14.00 ft. 

Note: There are two very convenient formulae giving the 
"bottom width, b, of a trapezoidal wall of height, A, top 
width, a, and density cf, when a factor of safety, /, is desired. 
They are, as against sliding, the coefficient of friction 
being c 

. 62.50/ h 

b = -7d a < a > 

As against overturning 



, 125 /A* a ... 

* \ d + 3a *~ T (6> 

As an example, let b = 30 ft.; a = 6 ft.; d = 125 lbs.; 
/= 2, and c = 0.75. Then, as against siding, using (a) 

6 = 34 ft. 
As against overturning, using (ft) 

b = 18.84 it. 
This is a striking illustration of the danger of slippery 
foundations, as referred to in the foot note to page 13. 
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CHAPTER II. 

Unit Stress. 

So far two causes only of failure have 
been considered, which indeed generally 
reduce to one — namely, overturning around 
the outer toe of the dam. In dams up to r 
say, 80 feet high, this is the only case 
that need be considered. Beyond this 
height another element of destruction for- 
ces itself into the problem, namely, the 
possible crushing of the material under 
the heavy load of its own weight. It is 
this consideration that places the High 
Masonry Dam in a class by itself, subject 
to much more complicated conditions than 
its more diminutive analogue. 

As resistance to overturning generally 
embraces resistance to sliding, so does re- 
sistance to crushing, in a high dam, em- 
brace that to overturning; so that, in a 
high masonry dam, we need only trouble 
about this cause of failure. 
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The problem regarding resistance to 
•crushing consists, first in determining what 
degree of unit stress or pressure per 
square foot the material can safely sus- 
tain, and then in so designing the vertical 
section that all the lower portion shall be 
a section of equal resistance; that is, so that 
if any number of horizontal planes be 
passed through this portion, the maximum 
pressure per square foot shall be at least 
approximately equal, and in no case shall 
exceed the designated limit. 

It will be necessary to elucidate this 
subject very thoroughly, because it con- 
tains the kernel of the whole investigation. 

Let fig. 5 represent a rectangular prism 
of homogeneous masonry. It is evident 
that every square foot of the base receives 
the same degree of pressure, and if it 
were placed upon a plane surface of soft 
material it would imbed itself to an equal 
depth over the entire area of the base. If 
it were placed upon a hard surface, and 
its height were sufficient to produce a 
crushing stress, destruction would proba- 
bly commence by a scaling off of the 
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edges and corners ; for it is there that the 
tendency to lateral expansion — the in- 
variable result of severe compression — 
would encounter the least resistance. 




Ficj.5. 

If the mass, instead of being in the form 
of a rectangular prism, had that of a pyr- 
amid symmetrical about a vertical axis pass- 
ing through its centre of gravity, the unit 
stress, or pressure per square foot, would 
also be uniform throughout its base — at 
least it is assumed so to be; but it is evi- 
dent that the pyramid could be raised a 
great deal higher than the prism — three 
times higher — before the crushing stress 
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was reached. Its corners and edges would, 
however, be more liable to "check" than 
those of the prism, because sharper. 




Hg. 6. 
If the mass were in the form shown in 




Fig.7. 



fig. 7, the unit stress would be no longer 
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uniform throughout the area of the base ; 
it would be greater to the right, where the 
superimposed weight is greater. If the 
mass were placed upon a slowly yielding 
substance it would gradually settle to the 
right, and finally topple over. If placed 
upon a hard surface, crushing would be 
looked for first at the right hand side, 
where the pressure was greatest. 

Leaving the consideration of unequally 
distributed stress for the moment, let us 
revert, to the case shown in fig. 5. It is 
evident that the rectangular prism might 
b« carried up to such a height as to de- 
velop the maximum permissible unit stress 
at the base. This would be the limiting 
height of the pillar of masonry. But by 
placing it upon a pedestal of the same 
material of gradually widening section, we 
might raise it to a much greater height, 
provided the ratio of expansion of the 
base corresponded with that of the in- 
creasing weight. 

The question would then be to deter- 
mine the law of correspondence between 
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the two. This may be done by a simple 
algebraic process. 

Let 0, fig. 8, represent the foot of a rec- 
tangular prism or obelisk of height H, and 
weight W, the area in square feet of its 
base being represented by a. Let it stand 
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upon a pedestal P of the same material, 
or one of equal density d f of height h, and 
let it be required to find the area a + x } 
which the pedestal should have so that the 
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unit stress upon its base may be the same 
as at the base of the obelisk. The addi- 
tional area x must therefore bear the 
same relation to the weight of the pedes- 
tal that the area a does to the weight of 
the obelisk; that is, the weight of the 
pedestal being ( a + x ) d h 7 we must have 

W = (a + x)dh 
a x , 

a 2 d h 
x = 



W-r-adti 

The total area of base of pedestal, A = 
a + x, will be 

*= w5b* (9) 

and the side of the square 

s= I w« . 

\ W — adh 

These formulae will apply to any other 
additional pedestal, P, by making W = 
total weight upon it, and a the area of the 
base of the pedestal immediately above it. 

We see by (9) that the value of A will 
depend upon that of h, which is the inde- 
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pendent variable. We may take h as 
small as we please, but cannot take it so 
large as to make adh = W. 




Fig. 9. 

Equation (9) may be generalized by 
replacing W by its equivalent, Had, and 
expressing h in terms of H; thus: h — 
c H, c representing any suitable fraction. 
We then have 
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H a'd 
~ Had — adcH' 

A= " (10) 

1 — c 

If the pedestal supports a statue, or 
any object other than the supposed 
obelisk, it can be reduced to an equivalent 
obelisk, when (9) and (10) become applica- 
ble. 

As an example : Suppose the obelisk O, 
fig. 8, to be 100 ft. high, and its square base 
to contain 100 square feet. Suppose the 
extreme case of its being desired to raise 
the obelisk 1000 ft. high, by placing it on 
top of a series of 20 pedestals each 50 ft. 
high. What would be the area of the last 
pedestal 1 

tx 1 

Here c = -~-, and (10) becomes 

A = 2a; 

that is, the area of each pedestal is 
double that of the one next above it. 

The equation just given represents a 
geometrical progression, of which the first 
term is 100 and the ratio 2. The value 
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of the 21st term, which represents the 
area of the 20th pedestal, is therefore 
104,857,600 sq. ft., and the side of the ped- 
estal 10,240 ft., or more than a thousand 
times greater than that of the obelisk. 

Suppose we make c = j-^; that is, use 

1000 pedestals each 1 foot high; then 
(10) becomes 

a _ 10 ° 
A ~"99 a ' 

Here we still have the geometrical pro- 
gression, of which the first term is 100; but 

the ratio is reduced to -^-, and the side of 

the last, or 1000th pedestal becomes about 
1523 ft. 

It is obvious, however, that the above 
method of making the pedestal a series of 
rectangular blocks is faultly, because each 
pedestal is carrying an additional useless 
load. All the projecting offsets or steps 
could be advantageously removed and the 
blocks made in the form of truncated pyr- 
amids, as shown iu fig. 9. 
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The weight of each would then be 

(2a + x) dh 
2 

and the desired relation, 

W = (2a + x)dh 
a 2x ' 

whence 

2a 2 dh 



x = 



2 W — a d ti 
and total area, A, 

A 2Wa + dha2 (m 

2W — dha V ; 

Substituting Had and c H for W and /i, 

A = <J±£> a (12> 

2 — c 

Let c = i. as before ; then 

The ratio of the geometrical progression 

5 * 

is now reduced to — , and the side of the 

last pedestal drops to 1654 ft. 

If we make c = ^-— , then 

100 
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a 201 
A= 199 a ' 

and the side of the last, or 1000th pedestal, 
becomes 1485 ft. 

There is much less advantage in reduc- 
ing the height of the pedestal in this case 
than in that of the rectangular prisms. 

The side of any intermediate pedestal 
<?an be found in the same way. If the 
truncated pyramids 50 ft. in height were 
used, then at a distance of 500 ft. from the 
top, the side of the square base of the 10th 
pedestal would be 128.6 ft.* 

Although this example seems foreign to 
the subject of dam-building, yet it mani- 
fests most strikingly that, while it is theo- 
retically possible to design a structure of 
equal compressive resistance of any height, 
yet when certain moderate heights are 
exceeded, the geometrical progression runs 
us into preclusive dimensions, recalling 
the famous problem of the horseshoe nails. 



* By the aid of logarithms these calculations are rapidly 
.and easily performed. 
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CHAPTER in. 

Unequally Distributed Unit Stress. 

Previous calculations relating to fig. 4 
show that the resultant weight of the- 
trapezoidal wall, when there is no water 
pressure against it, acts vertically down- 
ward on a line passing through its centre 
of gravity and cutting the base at a point 
distant 11.30 ft. from the inner toe, A. 
When the wall sustains a full head of 
water, the horizontal thrust, combined with 
the weight of the wall, produces an oblique 
resultant which cuts the base 14 feet 
from the outer toe, G. 

These two pressures, the one acting 
vertically downward when there is no 
water behind the wall, and the other 
obliquely downward and outward when 
there is a full head behind it, are essen- 
tially different in character. The first 
produces compression only ; the second^ 
compression and shearing stress. 
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This second pressure, namely, the result- 
ant of a vertical downward force and a 
horizontal thrust, may be resolved at the 
point P back to its components, producing 
a downward vertical pressure exactly 
«qual to the weight of the dam, and a 
horizontal one exactly equal to the thrust 
•of the water. The first produces the 
•crushing stress, and the second the shear- 
ing stress already mentioned. 

The horizontal, or shearing stress, is 
rightly or wrongly wholly ignored, and 
the vertical component, or crushing stress, 
only considered. The water pressure 
is therefore supposed to have no other 
effect than to move the point of the ap- 
plication, or point of mean pressure of 
the weight of the dam, from its position 
nearer the point A to a position nearer 
the point G. 

Now it has already been recognized 
{fig. 7) that, when the point of application 
•of the weight of the mass does not cut 
the middle of the base, the uniformity of 
the distribution of the stress is destroyed, 
being intensified between such point of 
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application and the nearer toe of the wall. 
The unit stress can therefore no longer be 
determined by simply dividing total weight 
by total base ; and if our structure is so 
high as to inspire fears of its crushing by 
its own weight, we may be uncertain how 
nearly it has approached the limit of safe- 
ty. We know, for instance (fig. 4), that 
the pressure is intensified with an empty 
reservoir in the neighborhood of A, and 
with a full one in the neighborhood of G j 
but by how much 1 

On this point we have no certain knowL 
edge ) but the following formulae of French 
origin, partly rational and partly empiri- 
cal, have received general acceptance : 
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Fig. 10. 

Let A B (fig. 10) represent any horizon- 
tal course of a mass of masonry of length 
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L, the resultant pressure upon which cuts 
the course at the distance d from the 
nearer extremity B. At this point it is re- 
solved, if oblique, into two components, 
one of which is the vertical downward 
pressure, W. The two quasi empirical 
formulae giving the intensity of unit stress 
at B, are then : 

P = i_? (L - 1.5 «*) (13) 

o w 

p = w (14 > 

The first is to be used when d is equal 
to, or greater than-;— , and the second when 

d is equal to, or less than — . When d = 
H 3 

-— , they give identical results. 

The demonstration of these formulae, 
for which reference mav be had to Mr. 
Wegmanns " Design and Construction of 
Masonry Dams/' and also to an article in 
the number for August, 1884, of Van Nos- 
trand's Engineering Magazine, is far from 
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satisfactory; but it may be admitted that 

(13) always gives safe results, and that 

(14) can be confidently used when d is 

only slightly less than-—. In relatively 

o 

small values of d, it cannot be trusted. 

An examination of these two formulae 
does not increase our confidence in their 
scientific correctness. It seems odd, for 
instance, since P depends upon the rela- 
tive value of the variable d, that the char- 
acter of the two formulas should so greatly 
and so abruptly change at the point where 

d = -= . The reasons for this become part- 
o 

ly apparent on studying the manner in 

which the formulae were derived, but the 

process of reasoning is by no means fully 

satisfactory. 

The present writer is disposed to believe 

that a general and more correct formula 

is the following : 

p = ]?>-<*> < 15 > 

and that the pressure, as thus expressed, 
extends over the entire space d, instead 
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of increasing from the point of application 
of the resultant to the extremity B, and 
becoming maximum at B, as is assumed 
in the French theory. No doubt the ten- 
dency to rupture will be greater at this 
point, for reasons already stated ; but it is 
believed that the intensity of the stress is 
uniform throughout d. 

The reasons leading to the adoption of 
(15) are as follows : We know, or assume, 
that when the resultant cuts the base in the 
middle the unit stress is equal through- 
out the two equal segments into which it 
divides the base. We know also that, as 
the resultant moves away from this central 
position, it intensifies the stress upon the 
shorter segment, and since the total pres- 
sure upon both segments must be equal to 
the total weight, that it relieves, propor- 
tionally, the stress upon the longer one. 
The question is, in what proportion does 
the intensity of the stress increase on one 
segment and diminish upon the other? 
It appears rational to assume, in view of 
the above facts or admitted assumptions, 
that the ratio should be inversely as the 
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lengths of the seginents to the total length. 
Hence, weight W 1 upon shorter segment, 
the only one we are concerned about, is 

W 1 _ L— rf 
W~ L ' 

W(L-d 
L ' 

and the unit stress in d 



P = 



W (L — d) 



Ld 7 

as already given. 

To test the agreement of the three f or- 
mulse we can express din various fractional 

values of L. For d = ~, (13) and (15) 

give identical results. For d = — , all three 

o 

give identical results. Between these two 

limits (15) gives values a little less than 

(13), the maximum divergence occurring 

for a point midway between the two, or d 

= — L, when the value of P per (15) is 
93i per cent, of that per (13). 
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For values of d less than — (15) gives 

o 

values of P rapidly increasing over those 

afforded by (14). When we recall that but 

small confidence can be placed in this latter 

when d differs greatly from — , and that it 

o 

is precisely for such values of d that the 
most dangerous stresses occur, it seems 
clear that we should give preference to 
the formula offering the larger factor of 
safety. The limit of application of these 
two formulas, (14) and (15), occurs when 
d = 0, when the mass above the course 
A B is on the point overturning around 
B. This condition is approximated if we 
make d = unity, taking the unit very 
small; or, what is the same thing, suppos- 
ing the corresponding value of L to be 
very large. The entire mass of weight, 
W, is then just about to be balanced upon 
the very small surface d = 1, and yet (14) 
in this case would give only two-thirds of 
the weight, as bearing or about to bear 
upon the unit of surface, while (15) would 
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give, practically, P = W, as is undoubted- 
ly correct. 

Since, therefore, the new formula gives 
total pressures which are certainly correct 
for the two limiting values of d, namely, 

-— and 0, and agrees with both the other 

f ormulae for d = — , it would seem to have 

much to recommend it as a safe guide for 
intermediate values. 

It remains now to say a few words re- 
specting the degree of crushing stress to 
which it is proper to submit stone ma- 
sonry. 

Stone masonry is a composite material, 
composed of stone or brick and mortar. 
The mortar is itself composite, being com- 
posed of sand and cement, the latter either 
natural or Portland, in various proportions. 
It is evident that in estimating the strength 
of such masonry we must base our calcu- 
lations upon that of the weakest compo- 
nent. Mortar made with best imported 
Portland may or may not be as strong as, 
or even stronger than the stones which it 
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binds together. The ultimate crushing 
strength of all the, materials used in such 
structures as high masonry dams is very 
great; but it is evident that the loads 
under which carefully tested samples give 
way must not be even remotely approached 
in practice. As regards high masonry 
dams, the utmost conservatism should be 
observed in fixing the data upon which 
their dimensions depend, in view of the 
terrible consequences of failure ; of the fact 
that such structures must be planned for 
a more permanent duration than perhaps 
any other of the works of man, and of the 
difficulty or impossibility of subsequently 
correcting any errors which may have 
been committed, either in their design or 
execution. 

These considerations, together with the 
uncertainty which exists regarding the 
actual strength of the materials used, lead 
to the adoption of a limiting unit stress of 
from 15,000 to 20,000 lbs. per sq. foot, 
always inclining to the lower figure, which 
limit is entirely safe for any good hydrau- 
lic masonry. 
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CHAPTER IV. 

The Vertical Section of High 
Masonry Dams. 

The French engineers were the pioneers 
of scientific designing of high masonry- 
dams, and the noble structure across the 
Furens, near St. Etienne, is the prototype 
of its class.> 

The problem — successfully worked out — 
was to ascertain by calculation the section, 
of equal resistance against crushing of such 
structures, both for a full and an empty 
reservoir. 

It would be foreign to the purpose of 
the present little volume to enter into the 
mathematics of this problem, more partic- 
ularly as it would be merely an interesting; 
stud}, without any real practical utility- 
It is quite unnecessary to repeat these cal- 
culations each time that it is desired to> 
design a high dam, because a standard 
type has been evolved from practical and 
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theoretical considerations, which we know 
-cannot be materially varied. We may, 
-therefore-r— given the height of a proposed 
<lam — immediately lay down on paper a 
section to which we know it must very 
-closely conform, and then by a few simple 
processes test it at certain critical points, 
introducing the probable density of the 
-class of masonry which we are about to 
employ, and giving due weight to any 
other special details of the particular proj- 
ect under consideration. 

It will be found, too, that though we 
may very nearly, or even exactly, obtain a 
section of equal resistance upon paper, the 
design so obtained will generally be prac- 
tically inapplicable, owing to constructional 
requirements, which will necessitate more 
or less of a compromise between the ideal 
and the possible. 

The whole subject will be best elucidat- 
ed by a numerical example. Let us, there- 
fore, proceed to design a dam 250 feet 
high, assuming a density of masonry of 
140 lbs. per cubic foot. The completed 
.section with full dimensions is given in 
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fig. 11. The maximum unit stresses ara 
also shown at different heights. The* 
manner in which these dimensions and 
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stresses have been arrived at will be best 
understood by considering first the upper 
one hundred feet, and working our way 
down, say 50 feet at a time, until we reach 
the full height of 250 feet ; for high ma- 
sonry dams are best built, at least on 
paper, like the Irishman's chimney, by 
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beginning at the top and building down- 
ward. 




Referring, therefore, to fig. 12, we see 
that this section is composed of two trian- 
gles, one ABC, right angled, of height A 
€ = 100 ft., and base AB = V«AC = 
75 ft. The second, C D E, has an invert- 
ed base o£ 30 ft., which represents the top 
width of the dam. This latter dimension 
is fixed arbitrarily, according to the re- 
quirements of each particular case. In 
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the figure it is given a face batter, D E, of 
one inch to the foot, at which rate it will 
intersect the slope B C of 1 to 0.75 at a 
vertical distance from the top equal to on© 
and one half times the width C D ; in this 
case at a distance of 45 feet. 

Our study of this section consists in as- 
certaining the maximum unit stresses in 
the base A B, both when the reservoir is 
full and empty. To do this it is first ne- 
cessary to determine the point at which a 
vertical line, drawn through the centre of 
gravity of the area A C D E B, will cut the 
base A B. We must first find the distance 
of the centres of gravity of the two trian- 
gles from some given " axis of moments", 
and then combine their moments about this 
axis. It is best, in studying such a proj- 
ect as that now before us, to take this axis 
well to one side of the figure, so that if it. 
becomes desirable to modify the section as 
we go on, by widening the base, all calcu- 
lations already made may be still available. 
Let us refer everything to an axis of mo- 
ments parallel to A C, and situated 230 feet 
to the right of it. 
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It may be here remarked that the slide- 
rule will be found of the greatest conveni- 
ence in these calculations, particularly in 
tentative operations. 

The area of the triangle C D E is 675 
sq. ft. The distance of its centre of grav- 
ity from A C, found either by calculation 
or graphically, is 21.25 ft. Its distance 
from the axis of moments is therefore 
230 — 21.25 = 208.75 ft. The area of the 
triangle A B C is 3750 sq. ft., and the 
distance of its centre of gravity from A C 
is 25 ft. Its distance from the axis of 
moments is therefore 230 — 25 = 205 ft. 

It is clear that the moment of the area 

ACDEB about the given axis will be 

equal to the sum of the moments of the 

two triangles of which it is composed 

about the same axis. Hence, if we divide 

the sum of these twt) moments by the 

total area, we obtain the distance of its 

centre of gravity from the given axis. 

Thus, 

675 x 208.75 = 140906.25 

3750 x 205 = 768750.00 



4425 909656.25 
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and 

™g* = 205.57 ft. 
4425 

The distance of centre of gravity of 
total area from A C is therefore 

230 — 205.57 = 24.43 ft. 

This falls just outside of the middle 
third, owing to the influence of the small 
triangle. 

The weight of the total area, supposing 
a slice 1 ft. thick to be taken, is 4425 X 
140 = 619500 lbs. 

We have now all the necessary data to 
find the unit stress in the A segment of 
the base A B, when the reservoir is 
empty, by means of (15). Thus, 

P = *»*% t 78 ~ f 43 * = 17098 lbs. 
75 X 24.43 

This is the maximum stress when there 
is no water-pressure. We want now to 
ascertain what the stress is when the sur- 
face of the water in the reservoir is level 
with the top of the dam. By (1) we have 

T = 31.25 X 10,000 = 312500 lbs. 
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This thrust is applied at the height 

100 

-~— £t. above A B. Lay off the work as 

shown in fig. 12, to scale, if the operations 
are to be performed graphically ; if by cal- 
culation, a simple sketch irrespective of 
scale suffices. If the work is done by cal- 
culation we require the distance x. This 
is obtained by similar triangles 

if! = »25 . „ - 16 81 
100 6195 ' ~" # 

The distance from point of intersection 
of resultant to B is found, by subtraction, 
to be 33.76 ft. Applying (15) we find the 
maximum unit stress for a full dam to be 
10,090 lbs. 

If fig. 12 represented a dam 100 ft. 
high, instead of only the upper part of one 
a great deal higher, it would be regarded 
as a rather bad design ; for there would be 
too great a difference between the maxi- 
mum stresses when the reservoir was alter- 
nately full and empty. To rectify this, the 
base A B might be somewhat shortened to 
the right of A, and the difference added to 
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the left, giving the side A C a batter from 
about 80 ft. below the top to the end of 
the extended base. Or, if proper material 
were at hand, an earthen embankment 
might be placed on the inside, against the 
vertical back of the dam, extending 
perhaps half way to the top, which would 
bring a permanent counter-pressure to 
bear, thereby reducing the unit stress 
when the reservoir was empty. In dams 
with vertical backs this earth embankment 
is, in the author's opinion, under all circum- 
stances, a recommendable feature. The 
reason why this design is suitable for the 
upper part of a higher dam is, as we shall 
presently see, that with the increased 
height the pressures due to a full reservoir 
rapidly increase, and we must save all the 
extension of base possible on the inside, 
so as to add it to the lower side, as we 
keep adding to the height of our dam. 

Continuing, we get the section shown in 
fig. 13 for the upper 150 feet of our dam. 
We still have the triangle, with base 
equal to three quarters of the height as 
the basis of the design, but admon- 
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ished by the comparatively high unit 




stress on the left hand side of the base 
when the reservoir is empty, a batter 
has been given to the inside face of 1 to 4, 
for the last 50 ft. of height. The area of 
the little triangle thus added is 312.50 
square ft., and the distance of its centre 
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of gravity from the axis of moments is 
234.17 ft. The area of the main triangle 
is 8437.5 sq. ft. and its distance from the 
axis 192.5. The elements of the upper 
small triangle are the same as before. 
Hence 

675 ^ 140906.25 

8437.5 x 192.50 1624218.75 

312.5 x 234.17 73178.13 

9425.0 1838303.13 

and 

183 S 13 = 195.04 ft. 
9425 

The shorter segment, when the reser- 
voir is empty, is therefore 230 + 12.50 — 
195.04 = 47.46 ft., and the weight of 
the mass 9425 X 140 = 1,319,500 lbs. 
The unit stress on the left-hand side of 
the base is, therefore, per (15), 17, 246 lbs. 
per sq. ft. 

The thrust of the water, when the res- 
ervoir is full, being 703,125 lbs., we obtain, 
by the same process as already employed 
for the first section, a length of 50.90 ft. for 
the shorter segment, and a unit stress, 
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when the reservoir is full, upon the right- 
hand side of the base, of 15,367 lbs. per 
square ft. This is a favorable result ; for 
it is considered good practice to favor the 
outside pressures, or those corresponding 
to a full reservoir, rather than those cor- 
responding to an empty one. 




Fig. 14. 

In the next addition of 50 ft., when the 
dam reaches the height of 200 ft., some 
modifications are necessary. The base 
must widen more rapidly, for the pres- 
sures are beginning to increase faster than 
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the length of Dase. The outside slope 
is therefore increased to 1 to 1, and the- 
inside to 4 to 1, as shown in fig. 14. 

An examination of this figure will show 
that there have been added two triangles, 
one of 625 square feet and the other of 
1250 square feet, and a rectangle of 6250 
square feet to the previous section. As- 
certaining the relative positions of their 
centres of gravity, and utilizing the calcu- 
lations already effected, we have : 

9425....! 1838303.13 

625 X 250.83 156768.75 

6250 X 180.00 1125000.00 

1250 X 100.83 126037.50 

17550 3246109.38 

and 

324*10038 = 184 % £t 

17550 

Proceeding as before, we get the lengths 
of d for the two assumptions of a full and 
an empty reservoir as shown in the figure, 
with unit stresses in the two cases of 
17,126 and 17,482 lbs. per square foot. 
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Our increasing unit stresses admonish 
us thai we still are not expanding our 
base, particularly to the right, sufficiently 
rapidly j for we are approaching a height 
where, as in the case of the obelisk, our 
section of equal, or approximately equal, 
resistance demands a more pronounced 
flare. Our difficulties are beginning to 
thicken, for good construction demands 
that no slope shall exceed 1 to 1, because 
we must at all hazards avoid expansion 
purchased at the cost of sharp edges, 
since that would only give us the ap- 
pearance of a sufficiently wide base, which 
the feeble resisting power of the edges 
would render practically useless. 

In our final section, for the full height 
of 250 ft. we must therefore have recourse 
to offsetting, as shown in fig. (15), and also 
in fig. (11), for the outside lines, and we 
will also flatten the inside slope down to 1 
tof. 

Proceeding exactly as before, and utiliz- 
ing all previous work, we get the data shown 
in fig. (15), and from them deduce the unit 
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stress of 19,151 lbs. for a full reservoir, 
and 18,071 lbs. for an empty one. 




It will be seen that it has been practi- 
cally impossible to adhere to a section of 
equal resistance, and the best we can do 
is not to exceed a given limit, and to- 
approach it as slowly as possible. Our 
limit of 15,000 to 20,000 lbs. per square- 
ft. may be regarded as a conservative one 
for good masonry j for it has often been 
exceeded, apparently with impunity, in ac- 
tual structures. The question of what the 
ultimate allowable stress is, depends upon 
so many considerations, among others the 
temperament of the designing engineer,, 
that ikcannot be reduced to one of mathe- 
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matics. It must be constantly borne in 
mind that dams, both high and low, be- 
long to a class of engineering structures 
against which many disastrous failures 
stand recorded, and we should not allow 
•ourselves to be carried away by a desire 
io design a "bold" structure. Boldness 
in such cases may easily degenerate into 
recklessness, perhaps the worst character- 
istic short of dishonesty that a hydraulic 
■engineer can possess. 

On looking at the section shown in fig. 
11, it appears indeed to be superabundant- 
ly strong, because one instinctively judges 
its dimensions according to their mutual 
proportions, and in relation to the resist- 
ance of the whole to overthrow only. 
This, however, is not the element of dan- 
ger that we are figuring against, but just 
simple crushing by great and unsymmet- 
rically disposed pressure, and the eye can 
guide us but little in judging of the suita- 
bleness of our design in this respect. 
Proportions, irrespective of actual height 
and consequent weight, do not affect this 
question ; for we cannot say, of a section 
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adapted to one height, that it can be made 
applicable to another height by simply- 
changing the scale of the drawing, for the 
sections proper for the two cases are not 
similar figures. The best way to design 
a high masonry dam is to proceed as we 
have done, starting, as a ground work, 
with a right-angled triangle of one of 
height to three quarters of base or of one 
of height to two thirds of base, as in the* 
additional example presently to be given, 
and expanding both ways as we go down, 
never exceeding a slope inside or outside 
of 1 to 1, and resorting to stepping when 
this slope does not open out rapidly 
enough. 

What precedes shows us that stone ma- 
sonry being the material employed, there 
is a limit to the height of a dam which in 
practice cannot be exceeded. The limit 
has been pretty nearly reached in our ex- 
ample, and it would require very strong 
reasons to make it advisable to exceed 
this height. Dams are generally built 
with the intention of forming reservoirs 
for the purpose of storage. It would be 
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air excc^ptf onal case which did not permit 
of tbe construction of several dams of 
moderate height and equivalent aggregate 
capacity rather than one of extravagant 
dimensions. While up to a certain eleva 
tion the single high dam would be cheap 
er than two or more lower ones, beyondf 
that height the reverse would be the case. 
In the preceding design for a dam 250 
ft. high, it is understood that the entire 
height is above ground. Nearly always, 
in a high masonry dam, it is necessary to 
go down a considerable distance to find a 
satisfactory rock foundation, upon which 
alone a purely masonry dam should be 
built. This matter of foundation is apt 
to be a very expensive one, on account 
of the enormous volume of excavation 
and of masonry which deep foundations 
involve. 

Fortunately, the masonry imbedded in a 
deep foundation can sustain a much great* 
er pressure than if standing up in an 
isolated block, because the pressure 
against the sides prevents, to a very con- 
* z siderable extent, the lateral expansion of 
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the material which is an accompaniment 
of crushing. This pressure acts like the 
iron band placed around the head of a 
pile to prevent brooming or splitting under 
the blows of the hammer. 

We may adopt a maximum-unit stress 
for imbedded masonry of about 30,000 
lbs. per square foot. 

Supposing, now, that in our example we 
were obliged to go 100 ft. deep for a 
proper foundation. We will let our super- 
structure, as already designed, rest upon a 
block, rectangular in vertical section, and 
projecting 20 ft. beyond the outer toe, and 
15 ft. beyond the inner one, as shown in 
figure 16. 

Combining the moment of this mass 
with the moments of the two resultants of 
the superstructure corresponding respect- 
ively to a full and empty reservoir, we get 
the two values of d = 155.9 and d = 155.6, 
shown in the figure, which give a unit 
stress as above, under the two conditions 
of water-pressure and absence of the same. 

The object of keeping the sides of the 
foundation-block vertical is that it may 
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receive the full advantage of tne lateral 
support of the earth or soft rock in which 
it may be imbedded. 
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Fig. 16. 

It is evident, from our calculations, that 
the heavier the masonry of which the dam 
is composed the more favorable it is for 
resisting water-pressure, and the more 
unfavorable when resisting only its own 
weight. 

When the dam is full, there is a certain 
amount of downward pressure brought 
upon it from the weight of the prism of 
water resting upon its inside polygon. 
This has been neglected in our calcula- 
tions, because its action is somewhat un- 
certain. Whatever it may be, it lessens 
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the unit stress to a greater or less degree, 
and constitutes a smalt additional factor 
of safety. 

It remains to mention two other factors 
in the calculation of dams which have 
been neglected, but which other authors 
dwell upon. One is, the possible diminu- 
tion of the weight of the structure:, from 
the supposed upward pressure of water 
penetrating to its bottom through fissures 
in the rock upon which it stands. The 
author finds it impossible to conceive that 
such an upward pressure should exist to 
the extent of exercising any appreciable 
effect upon the stability of a dam, particu- 
larly one seated upon deep foundations. 
He considers such a factor as wholly neg- 
ligible. 

Nor can he agree with those who main- 
tain that the thrust of the water from a 
full reservoir should be considered as that 
due to a head extending from the top of 
the dam to the bottom of the foundations. 
That portion of the dam which is buried 
in the earth or rock should, in his opinion^ 
be considered entirely apart from the dam 
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proper, and as subject to an entirely dif- 
ferent class of stress. He would consider 
this portion of the structure as forming, 
u\ fact, a part of the geology of the terri- 
tory, and confine his calculations as regards 
the thrust of the water to the superstruc- 
ture which, standing in relief above the 
surface of the surrounding ground, receives 
the pressure of the water on one side and 
that of the atmosphere only on the other. 




Fig. 17. 
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Fig. 17 is given as an additional example 
of a dam with the same data as before, 
except a slight difference at the top, and 
excepting also, that as a basis for the first 
hundred feet from the top a right angled 
triangle of one of height to two-thirds of 
base has been assumed. In this example, 
the stresses are but slightly in excess of 
those previously calculated and are rather 
better distributed, while the widths are 
materially lessened. With the given den- 
sity of 140 lbs. this section is preferable to 
the one already given. 
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CHAPTER V. 

The Construction op High Masonry 

Dams. 

The preceding pages have treated of 
what may be considered as the prelimi- 
nary and easiest part of the construction of 
high masonry dams ; namely, the mathe- 
matical part. The reasoning that has been 
pursued has demonstrated that the sec- 
tions shown in figs. 11 and 17 are perfectly 
safe and satisfactory, from a conservative 
standpoint, providing amply but not ex- 
travagantly for the stresses which our 
best information upon the subject leads 
us to expect. But it is one thing to set 
up a proper design on paper and quite 
another to successfully carry out the 
same on the ground. In what follows 
some attempt will be made to treat of the 
difficulties attending the execution of 
such structures, and the precautions to 
be taken in order to secure good results. 
Much that will be said will be found ap- 
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plicable to all masonry dams of whatever 
height j but, as all the difficulties and condi- 
tions are intensified with increased height, 
it will be understood generally that dams 
of one hundred feet and over are those 
under consideration. 

Before proceeding with this part of the 
subject, a few words must first be said 
regarding a matter which really belongs 
more properly to design than construction, 
namely, the form of the plan of the dam 
as distinguished from its vertical section, 
already discussed. Should the dam be 
straight or curved in plan? 

Much has been written on this subject,, 
and both forms have found able advocates. 
Among other authorities, the " Engineer-; 
ing News n of New York strongly favors 
a curved plan, with the convexity of course 
directed up stream, pointing out, it is 
believed, for the first time, that, contrary 
to the received opinion a moderate degree 
of curvature does not increase the volume 
of masonry in the dam. ' 

There can be no doubt that such a form; 
is an element of additional strength, par- 
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ticularly if the dam is built across a nar- 
row ravine, when the arch principle in- 
volved in a curved plan distinctly asserts 
itself. It continues to be an element of 
strength even in the case of a dam of 
such considerable length that we can no 
longer consider it as acting as an arch, 
because, since there must always be some 
slight forward motion in the dam when 
the full head of water comes against it, 
the effect of such motion will be to pro- 
duce a compressive stress if the dam be 
curved, as it will tend to crowd the material 
into a smaller space, whereas, if the dam 
be built upon a perfectly straight line, the 
least forward motion will have the effect 
of opening the joints. Such motion, how- 
over, will always be so insignificant that 
it certainly seems an over refinement to 
take it into account and provide against it 
by the form of the dam. 

On the other hand any deviation from 
straight lines in the ground plan of the 
dam involves considerable trouble and ex- 
pense in laying out and executing the 
work, and therefore increases the difficulty 
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in securing good results. Except in the 
case of a short dam, as already mentioned, 
the author is of the opinion that the ad- 
vantages, more or less theoretical, which 
are secured by a curved ground plan, are 
overbalanced by the practical difficulties 
which spring from it. 

Very high dams are generally built 
across the valleys of powerful streams, 
and perhaps the greatest difficulty which 
accompanies their construction is the 
management of the flow of the stream 
while the dam is in construction. In the 
case of small dams across relatively in- 
significent brooks this difficulty is gener- 
ally easily overcome, by first putting iu 
the pipes or gates by means of which the 
water is to be drawn from the dam when 
completed, and then turning the flow of the 
stream through these by means of a tem- 
porary dam when, profiting also by th& 
dry season, the rest of the foundations 
can be got in without further trouble. 
But generally speaking, with high dams, 
deep foundations and large streams, such 
a provision for the flow of the water would 
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"be totally inadequate, and the management 
-of the water in such cases constitutes in 
itself an engineering problem of the first 
magnitude. A tunnel may be sometimes 
driven entirely around the site of the dam 
through which the river is turned and 
completely got rid of, the difficulty then 
being to properly close the tunnel, either 
permanantly or by means of gates, when 
the work is completed. 

Perhaps the most usual way of handling 
the water is to carry it in a large flume 
•directly over and across the foundation 
pit. Very considerable streams can often 
be successfully disposed of in this way 
until the foundations have been got in 
level with the ground, when gaps can 
be left in the wall as it is carried up, and 
i;he water shifted over from one to the 
other side till the dam is finally completed. 
The danger of this method is, that an un- 
usual freshet may break or destroy the 
flume, when the foundation pit will be 
flooded, and ihe banks probably cave in. 
It is evident also, that in the case of a 
very wide excavation the great length of 
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the flume would rrreclude its use, and a 
diversion of the stream will generally be 
found to be the only satisfactory solution 
of this most difficult problem. 

Another embarrassing feature is the 
manner of executing such a deep and wide 
excavation as is contemplated in our 
example. Shall the sides be sloped, or 
shall they be timbered 1 It will be readily 
conceded that this question does not 
admit of a general answer, and would 
have to be settled by the particular -con- 
ditions of the individual case. The ex- 
pense of securely protecting the sides of 
such an excavation is so enormous, even 
under the most favorable conditions, that 
the tendency will always be minimize the 
outlay by taking some chances. At the 
same time the caving in of such a deep 
and wide excavation, should it occur, in- 
volves so great a loss, not only of money 
but of time, that it is poor policy to scamp 
the precautions taken at the start. It is 
probably safe to say that one of the prin- 
cipal causes of loss incurred by contractors 
in the execution of work, is to be found 
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in the necessity of digging out a second 
time excavations which have fallen in 
from want of proper sloping or shoring, 
and this is equally true proportionally, of 
small as well as of great undertakings. 
In the special case of very wide excava- 
tions, the decision will probably be to 
slope the sides in preference to attempting 
any method of timbering or shoring. 

Equally important is it to provide ample 
pumping power when executing the exca- 
vations. Lack of this is another fruitful 
source of loss in time and money to the 
contractor. The quantity of water to be 
encountered, and the difficulty, as well as 
the necessity of getting rid of it both 
when taking out excavations and patting 
in foundations are matters almost invari- 
ably underrated when work is commenced. 
A most liberal allowance should be made 
for the quantity of water to be lifted, and 
the pumping sumpts should be at all times 
kept well below the level of the work 
which is going on. 

So far, three important points have been 
considered, in their natural order, namely, 
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the disposition of the stream across which 
the dam is to be built, both as regards 
its natural and freshet flow ; the manner 
of executing the excavations f orf oundations 
so as to prevent caving in of the sides, and 
the means of keeping these excavations 
dry, first while taking out the material, 
and secondly when putting in tho founda- 
tions. As regards these points, very little 
more than their mere enumeration has 
been attempted, although many pages 
might easily be devoted to any one of 
them. No written discussion would how- 
ever be of much avail as throwing light 
upon the subject, the only really useful 
literature bearing upon these points, being 
the records and reports of the actual ex- 
ecution of such works. Of these, the 
voluminous published documents of the 
Croton Aqueduct Department, and the 
New Aqueduct Commission stand easily 
among the best which the public works of 
this country afford, but the judicious en- 
gineer, charged with the responsibility of 
designing and executing any large hy- 
draulic work of this character, will not 
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limit his reading and investigations to 
any particular school of practice, but will 
familiarize himself with all the varying 
examples within his reach, both of success 
and failure, in his own and other countries. 
A point which now comes up is, of what 
class of masonry shall our dam be built? . 
Here again we have a question not ad- 
mitting of a general answer. We might 
indeed without much difficulty decide 
which among the building stones furnished 
by nature was the hardest, toughest, heav- 
iest and soundest and, altogether, the 
best adapted for dam building; also, 
whether upon the whole it was best to 
build " Cyclopean rubble," as for the 
Vymwy dam, or go to the other extreme 
and use concrete. Also, we might arrive 
at certain similar deductions regarding 
the sand, cement, and proportions of mix- 
ing. But our work may be situated in 
such a locality that it would be impossible 
to procure just what we wanted, and we 
should be compelled to realize that after 
all we were reduced to the necessity of 
cutting our coat acccording to the cloth. 
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Setting aside the character and quality 
of the materials, and considering only the 
manner of putting them together, the pres- 
ent author is strongly inclined to believe 
that concrete between stone walls, rubble 
for the foundation and cut stone for the 
superstructure, would be the ideal com- 
bination of stone, sand and cement for a 
high masonry dam, if the proper quality 
of concrete as regards mixing and placing 
could be secured. While concrete is 
lighter than stone masonry, since it con- 
tains more mortar and less stone per cubic 
yard, and while the mixture is less strong 
generally speaking, than the stone of 
which it, or the stone masonry which it 
may replace, is composed, the fact of its 
forming a homogeneous, monolithic mass 
constitutes an element of superiority with 
which no hand placed stone work can 
compete. In order however to secure 
uniform good quality for the concrete 
when used upon such a gigantic scale as 
would be the case in these instances, a 
very large special plant would be required, 
and the strictest inspection practised from 
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beginning to end of the work. An army 
of tampers, for one thing, would be re- 
quired, divided into small gangs with an 
expert foreman over each, and numerous 
inspectors constantly patrolling the work. 
If the proper outfit for the work is secured, 
and a proper organization maintained, then 
in the author's opinion this material 
would be the best for such work, when 
confined within stone facings. 

It may be suggested that the same pre- 
cautions and care are necessary for good 
stone masonry as for good concrete, but 
most engineers will agree that it is easier 
to inspect and control stone masonry than 
concrete, under ordinary circumstances. 
One reason no doubt is that there is more 
skilled labor employed in laying up ma- 
sonry, whether rubble or cut stone, than 
in putting in concrete, which is always 
easier to direct, and also, since the quality 
of concrete depends so much upon the 
manipulation to which it is subjected, 
more individual judgment is called for 
on the part of foremen and inspectors, 
than in the case of stone masonry which, 
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when the work is once fairly started, and 
the requirements understood by all hands, 
becomes more a matter of routine. 

Whatever preference may be given to 
one material rather than another, whether 
as determined by local conditions or in- 
dividual prejudice or predeliction, one 
thing is certain, that no type of work will 
be satisfactory or give good results that 
is not in every respect first class of its 
kind. This is the first and essential re- 
quisite, for if the materials and workman- 
ship are what they should be, an equally 
perfect dam can be built of cut stone, 
rubble, cyclopean rubble or concrete, nor 
need it be considered that this assertion 
at all contradicts what has been already 
written regarding the comparative merits 
of different classes of work. One class, 
under local circumstances, may favor good 
results more than another, but the result 
is always obtainable at the cost of more 
or less time, trouble and expense. The 
author would here reiterate what he has al- 
ready said regarding quality of materials 
and workmanship, and the necessity that 



.76 



there is, that both should be first class. In 
hydraulic structures we are dealing with 
an inexorable natural agent that is sure 
to search out all defects and weak points, 
sooner or later, just as certainly as it seeks 
its own lowest level. 

Generally speaking in comparatively low 
dams, no particular care is given to carry 
up the work uniformly. The pressures 
are relatively so insignificant that unequal 
loading of foundations, or settlement of 
work are not heeded. Indeed " leveling 
up " is avoided rather than otherwise, as 
it is considered best to keep the work 
somewhat ragged, so as to break beds as 
well as joints, as much as possible. In 
a very high dam however, the case is 
different, and it becomes advisable to 
carry up the work as nearly level as possi- 
ble, leaving the top always rough and 
bristling with projecting stones. Concrete, 
of course, goes up level, but the different 
beds bond themselves so together that 
all division between the courses becomes 
obliterated. 
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CHAPTER VI. 

Accessories of Dams. 

There are two indespensable acces- 
sories to all dams, whether high or low, of 
which it is now time to speak. First, 
there must be an overflow, or spillway as 
it is currently termed in the Croton dis- 
trict, to provide for the escape of surplus 
water when the dam is already full. This 
must be of sufficient capacity to carry the 
maximum volume of such water in times 
of greatest freshets. This spillway may 
be either artificial or natural. Whenever 
the topography of the locality affords an 
opportunity of passing the surplus water 
through some natural depression situated 
within the reservoir itself, this should 
always be availed of. Sometimes such a 
depression may be artificially created, by 
lowering or possibly tunneling an interven- 
ing rocky ridge, which separates the valley 
forming the reservoir from some adjacent, 
one. It is generally worth while to be at 
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considerable expense to prepare such a 
natural overflow. Otherwise, a special 
constructive feature must be added to the 
dam, in the shape of a gap, through which 
the surplus water may pass, and fall over 
some designated portion of the face of 
the dam, into its own valley. 

Considerable judgment is necessary in 
fixing the dimensions of the spillway and 
the proper proportion between its length 
and depth. Both are functions of the 
area of water shed lying above the dam. 
IZnowing the area, A, in square miles of 
this water- shed, and having decided upon 
the probable quantity, Q, in cubic feet 
per second per square mile, which the 
water-shed may furnish in times of maxi- 
mum freshets, we have for the length, L, 
and the depth, D, of the overflow, in feet, 
the two following formulae : 

L = 20 V A (16) 

D=^-^+C (17) 

•C being a certain additional height above 
the highest level of the water in the res- 
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ervoir, which in a masonry dam need only 
be of a relatively trifling amount. 

If we allow 64 cubic feet per second per 
square mile, which is about the smallest 
freshet discharge which it would be safe 
to count upon, (17) reduces to 

D = f A + C (18) 

In the case of a masonry dam, there is 
less necessity for a very large spillway 
because even if the water should rise 
above its crest, and pass over its entire 
length, no great damage would occur, 
provided the foot and sides of the dam 
were properly protected either naturally 
or artificially. For an earthen dam, with 
masonry core, the capacity should be 
much more liberal, while for a dam com- 
posed wholly of earth — a kind of construc- 
tion which should never be adopted — the 
capacity of the spillway should be still 
further increased, because if the water 
once rises over the top of such a dam, its 
total destruction is prompt and certain. 

It may be remarked also, that the- 
smaller the dam in relation to the water- 
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shed, the greater necessity for a capacious 
-spillway, because it is more frequently 
called into use, and must more frequently 
carry the full discharge of the stream. A 
very large reservoir formed by a high dam 
is much less often filled to overflowing 
because it will commonly be only partly 
filled at the season when the freshets com- 
mence, and will therefore have a large 
storage capacity for the freshet flow, 
before beginning to run over. Indeed 
some large reservoirs have been built for 
the very purpose of protecting regions 
otherwise subject to inundations, by re- 
ceiving and storing the water of freshets, 
and thus equalizing the flow of the stream 
on which thev have been built. 

The second indispensable adjunct is a 
waste culvert, in order to be able to draw 
off the water of the reservoir if so desired. 
This should be located at the lowest pos- 
sible elevation above the bottom of the 
reservoir, and be large enough, if possible, 
to accomplish its purpose of emptying the 
reservoir, within a reasonable time. When 
•dealing w T ith the large volumes of stored 
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water, and the abundant natural flow of 
the stream which are the accompaniments 
of high dams built across the valleys of 
powerful water courses, it will not be pos- 
sible to build this culvert so large as to 
permit of emptying the reservoir by its 
aid at all times, and when it is desired to 
drain off the water down to the bottom, it 
is necessary to choose the dry season in 
order to accomplish it. This waste cul- 
vert may also become very useful as a 
means of supplementing the action of the 
spillway in times of extraordinary floods, 
when every effort is required to retard the 
rise of the water in the spill way. 

The means of opening and closing this 
culvert requires careful study, for if the 
appliances employed refuse to work, either 
when open or shut, very serious conse- 
quences may ensue. The first appliance 
which naturally suggests itself, is a sliding 
sluice gate, closing or uncovering an open- 
ing made through the wall The manu- 
facturers of water supply fixtures, now 
make these gates in a very perfect manner, 
according to different designs, one of the 
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"best of these, being that adopted by the 
New Aqueduct Commission of the City of 
New York. The trouble with all such 
gates, when operated against a high head 
of water, is the difficulty of closing them, 
owing to the fact that this must be accom- 
plished by heavy pressure upon a long 
and slender rod. In such cases they 
should be made very heavy, so that their 
weight may add to the pressure necessary 
to close them, and this adds to the effort 
required to raise them. With all their 
inherent defects, these gates constitute 
one of the best and simplest methods of 
controlling the waste culvert, and whatever 
combined system is adopted, they should 
form a part of it. 

It will not be safe 'however, to depend 
upon a single piece of mechanism for this 
purpose. Another means of accomplish- 
ing the desired end is to build a pipe or — 
in the case of a large reservoir — pipes, 
into the body of the dam fitted with valves 
or stop cocks. These valves, operated 
from the outside of the dam are more 
certain and easier in their action than any 
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sliding sluice gate can possibly be. These 
pipes and valves should form a part of 
the system, so that we find two necessary 
features which our system must embrace ; 
large pipes built into the wall, with their 
mouths closed by sliding sluice gates, and 
the flow through them further controlled 
by valves or stop cocks. One gate and 
one valve are indispensible ; in some cases 
two such valves on each pipe may be con- 
sidered desirable, of which the one nearer, 
the water is kept open and the flow regu- 
lated by the outer one. Should any acci- 
dent occur to this outer one, the inner one 
can be closed, as well as the sluice gate, 
and the injured piece can be laid off until 
a convenient opportunity presents itself 
for repairs. 

Besides these appliances, it is customary 
in a well designed piece of work to pro- 
vide an entrance chamber furnished with 
grooves into which on an emergency "stop 
plank" may be placed, forming a temper- 
ary coffer dam around the mouth of the 
pipes, and thus affording access to them 
without emptying the reservoir. These 
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are excellent expedients for dams of mod- 
erate heights, but it is evident that for 
great heights no system of stop planking 
could be made sufficiently strong and 
easily managed to be of use. In fact the 
enormous pressures under which all these 
appliances for draining off the water held 
up by very high dams must be operated, 
make their design a troublesome problem, 
taxing to the utmost the best skill of the 
mechanical engineer. 

If the reservoir is to be used for the 
distribution, as well as the storage of 
water, it will be necessary to have addi- 
tional appliances for drawing off the daily 
supply. These will be similar in kind to, 
but generally on a smaller scale than those 
already mentioned in connection with the 
discharge culvert. Frequently, also, sets 
of screens will be required, to prevent the 
entrance of floating objects into the distri- 
bution pipes. It will generally be desired 
also to have the system so arranged as to 
be able to draw the water from different 
levels, according to its conditions regard- 
ing sediment, surface impurities, etc. 
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Probably the best way to accomplish all 
the desired requirements is to place a 
rectangular chamber, running the whole 
height of the dam, directly in front of the 
mouth of the distributing pipe or pipes, 
one side of the chamber being formed by 
the back of the dam. The opposite side 
to this one, will have openings at different 
heights, closed by sliding sluice gates 
operated by capstans at the top. Inside 
of this chamber will be the grooves des- 
tined to receive the screens and stop plank 
if these are used. The mouth of the pipes 
will also be closed by sluice gates, and the 
flow of water further controlled by means 
of valves placed on the pipes in a gate 
house situated outside of the dam. 

The designing of such a system when 
needed for a dam of only moderate height 
presents no particular difficulty. When 
however it is a question of adapting it to 
a very high dam, great care is necessary 
to ensure a system which will work satis- 
factorily under the greatly increased pres- 
sures. Naturally, the designing engineer 
will in such cases seek for precedents in 
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existing works, and inform himself as to 
how the different methods which he may 
study, have behaved in actual use. This 
is the best plan to pursue, because the 
question is preeminently a practical one. 

One error in designing such appliances 
may be pointed out and warned against, 
and that is too £-reat a complication in the 
number and character of the appliances 
used. While every contingency likely to 
occur should be f orseen and provided for, 
it is frequently the case, particularly when 
great perfection is aimed at, that there is 
an unnecessary multiplication of parts, 
the result of which is, that while remote 
contingencies are provided for, it is at the 
expense of the ease and certainty with 
which the daily routine of the distribution 
is executed. It is believed that this unde- 
sirable condition of things is sometimes 
brought about by the successive addition,* 
as the design is being prepared, of features 
not originally contemplated when the 
ground work of the plan was first laid 
down on paper. Generally if, when the 
design is made, a careful study of it. re- 
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veals the fact that certain probable con- 
tingencies, either of breakage of appliances 
or desired control of the flow of water 
have been overlooked, it will be better to 
reconsider the whole design, and see if, 
instead of adding some new feature or 
part, those already contemplated cannot 
be so modified as to embrace the addi- 
tional anticipated duty or requirement. 
It is very rare that an afterthought can 
be made to harmonize with an original 
conception, and it is better to tear up a 
dozen imperfect paper designs, than to 
perpetuate an awkward contrivance in 
stone and mortar. Every additional part 
beyond what is strictly necessary, involves 
an additional opportunity for something 
to break or get out of order, and some- 
times the safeguard which was intended 
to avert an interruption in the working of 
the system is itself the very cause of the 
interruption taking place. 

It is in these features that the practical 
skill of the designer is shown in bold 
relief. A simple design, accomplishing 
the desired result with a few strong and 
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easily handled pieces, proclaims the skill- 
ful engineer much more than an intricate 
system of appliances, no matter how in- 
genious it may *o. 

THE END. 
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their Composition and Analysis. A Manual for the 
use of Analytical Chemists, with an Introductory Es- 
say on the History of Adulterations, with numerous 

* tables and illustrations* New edition (In Press) 

— Poisons : their Effects and Detection. A Manual 
for the use of Analytical Chemists and Experts, 
with an Introductory Essay on the growth of Modern 
Toxicology. Third edition, revised and enlarged. 
8vo, cloth ; 760 

BODMEB (G. B.). Hydraulic Motors ; Turbines and 
Pressure Engines, for the use of Engineers, Manu- 
facturers and Students. Second edition, revised and 
enlarged. With 301 illustrations. 12mo, cloth 5 00 

B01XE4U (J. T.). A New and Complete Set of 
Traverse Tables. Showing the Difference of Latitude 
and Departure of every minute of the Quadrant and 
to five places of decimals. 8vo, cloth. 5 00- 

BOTTONE (S. R.). Electrical Instrument Making for 
Amateurs. A Practical Hand-book. With 48 illus- 
trations. Fifth edition, revised. 12mo, cloth 50 



Electric Bells, and all about them. A Practical 



Book for Practical Men. With morn than 100 illus- 
trations. 12 mo, cloth. Fourth edition, revised and 
enlarged 6C 



-The Dynamo : How Made and How Used. A 



Book for Amateurs. Eighth edition. 12mo, cloth... 1 00- 
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BOTTO vk (S. R.). Electro Motors : How Made and 
How Used. A Hand-book for Amateurs and Practical 
Men. Second edition. 12mo, cl^tb . 73 

BONNET (G. K.). The Electro-Platers' Hand-book. 
A Manual for Amateurs and Young Students on 
Electro-Metallurgy. 60 il lust ratio us, lxlmo, cloth.. 1 20 

BOW (B. H.). A Treatise on Bracing. With its appli- 
cation to Bridges and other Structures of Wood or 
Iron. 156 illustrations. 8vo, cloth 150 

.BOWSER (Prof. E. A.). An Elementary Treatise 
on Analytic Geometry. Embracing Plane Geometry, 
and an Introduction to Geometry of three Dimen- 
sions. 12mo, cloth. Twenty-first edition... 175 

— — An Elementary Treatise on the Differential and 
Integral Calculus. With numerous examples. 
12mo, cloth. Seventeenth edition 2 25 

•— — An Elementary Treatise on Analytic Mechanics. 
With numerous examples, l'-'mo, cloth. Fourteenth 
edition 3 00 

An Elementary Treatise on Hydro-Mechanics. 

With numerous examples. 12mo, cloth Fifth 
edition 2 50 

— A Treatise on Roofs and Bridges. With Numerous 
Ex rcises. Especially adapted for school use. 12mo, 
cloth. Illustrated net 2 25 

BOWIE (AUG J., Jun., M. E.). A Practical Treatise 
on Hydraulic Mining in California. With Description 
of the Use and Construction of Ditches, Flumes, 
Wrought- iron Pipns and Dams ; Flow of Water on 
Heavy Ura.ies. and its Applicability, under High 
Pressure, >o Mining. Fifth edition. Small quarto, 
cloth. Illustrated 5 00 

BURGH (N. P.). Modern Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 36 
colored plates, 259 practical woodcut illustrations, 
and 403 pages of descriptive matter. The whole 
being an exposition of the present practice of James 
Watt & Co., J. & G. Rennie, R. Napier & Sons, and 
other celebrated firms. Thicn quarto, half morocco. 10 00 



SCIENTIFIC PUBLICATIONS. 



BURT (W. A.)* Key to the Solar Compass, and 
Surveyor's Companion. Comprising all the rules 
necessary for use in the fie d ; also description of 
the Linear Surveys and Public Land System of the 
United States. Notes on th- Ba ometer, Suggestions 
for an Outfit for a Survey of Four Months, etc. 
Seventh edition. Pocket-book form, tuck 860 

CALDWELL, (G. C). and A. A. B RE NEMAN. 

Manual of Introductory Chemical Practice. For 
the use of Students in Colleges and Normal and 
' High Schools. Fourth edition, revised and corrected. 
8vo, cloth Illustrated 160 

GAM PIN (FRANCIS). On the Construction of Iron 
Roofs. A I heoretical and Practical Treatise, with 
•■ wood cuts and Plates of Roofs recently executed. 
8vo, cloth 200 

CARTER (E. T.). Motive Power and Gearing for 
Electrical Machinery. A Treatise on the Theory 
and Practice of the Mechanical Equipment of Power 
Stations for Electric supply and for Electic Traction. 
8vo, cloth. Illustrated .500 

CATHCART (Prof. WM. L.). Machine Elements: 
Shrinkage and Pressure Joints. With tables and 
diagrams. 8vo, cloth. Illustrated net 2 60 

■ Marine Engine Design (In Press.) 

CHAMBER'S MATHEMATICAL TABLES, con- 
sisting of logarithms of Numbers 1 to 108,000, Trigo- 
nometrical, Nautical, and other tables. New edition. 
8vo, cloth 1 75 

CHAUVENET (Prof. W.). New Method of Correct- 
ing Lunar Distances, and Improve 1 Method of 
Finding the Error and Rate of a Chronometer, by 
Equal Altitudes. 8vo, cloth 2 00 

CHRISTIE (W. WALLACE). Chimney Design and 
'1 heory. A Book for Engineers and Architects, with 
numerous half-tone illustrations and plates of famous 
chimney s. 12mo, cloth 3 00 

CHrRCH (JOHN A.). Notes of a Metallurgical 
Journey in Europe. 8vo, cloth 2 00 

CLARK D. (K INN FAR, C. E.). A Manual of Rules, f 
Tables and £%ta for Mechanical Engineers. Based 
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on the most recent investigations. Illustrated with 
numerous diagrams. 1,012 pages. 8vo, cloth. Sixth 

edition 5 00 

Half morocco 7 60 

CLARK D. (K INN EAR, C. E.). Fuel : its Combust- 
ion and Economy, consisting of abridgements of 
Treatise on the Combustion of Coal. By C W. 
Williams; and the Economy of Fuel, by T. S. 
Prideaux With extensive additions in recent prac- 
tice in the Combustion and Economy of Fuel. Coal, 
Coke, Wood, Peat, Petroleum, etc. Fourth editiou. 
12mo, cloth 160 

— The Mechanical Engineer's Pocket-book of Tables, 
Formulae, Rules and Data. A Handy Book of 
Reference for Daily Use in Engineering Practice. 
16mo, morocco. Second edition 8 00 

-Tramways, their Construction and Working, em- 
bracing a comprehensive history of the system, 
with accounts of the various modes of traction, a 
description of the varieties of rolling stock, and 
ample details of Cost and Working Expenses. 
Second edition. Re- written and greatly enlarged, 
with upwards of 400 illustrations. Thick 8vo. cloth. 00 

The Steam Engine. A Treatise on Steam Engines 
and i- oilers; comprising the Principles and Practice 
of the Combustion of Fuel, the Economical Genera- 
tion of Steam, the Construction of Steam Boilers, and 
the Principle", Construction and Performance of 
Steam Engines, Stationary, Portable, Locomotive 
and Marine, exemplified in Engines and Boilers of 
recent date. 1,800 figures in the text, and a series 
of folding plates drawn to scale. 2 vols. 8vo, cloth. 15 00 

CLARK (JACOB M.). A new System of Laying Out 
Railway Turn-outs instantly, by inspection from 
Tables. 12mo, leatherette 100 

CIjAUSEN-THU (W.). The A. B.C. Univereal Com- 
mercial Electric Telegraphic Code ; especially 
adapted for the use of Financiers, Merchants, Ship- 
owners, Brokers, Agent, etc. Fourth edition. 8vo, 

cloth. . 5 00 

Fifth edition of same 7 00 

■ The Al Universal Commercial Electric Telegraphic ^ 
Code. Over 1,240 pp., and nearly 90,000 variations. 
8vo, cloth t 750 
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CLE KM ANN (THUS. M.). The Railroad Engineer's 
Practice. Being a Short but Complete Description 
of the Duties or the Young Engineer in the Prelimi- 
nary ami Location Surveys and in Construction. 
Fourth ed i tion. Revised and en larged. Illustrated. 
12nio,cloth . 180 

CLEVENGER (S. R.). A Treatise on the Method of 
Government Surveying ns prescribed by the U. S. 
I'onmvas and Commissioner of the (General Land 
Office, wiih complete Mathematical, Astrono deal 
and Practical Instructions for the use of the United 
States Surveyors iu the field. 16mo, morocco 2 50 

COFFIN (Prof. J. H. r.) # Navigation and Nautical 
Astronomy. Prepared for the use of the U. ^. Naval 
Academy. New Edition. Revised by commander 
Charles Belknap. 52 woodcut illustrations. 12mo, 
cloth net. 8 60 

COLE (R. S., M. A.). A Treatise on Photographic 
Optics. Being an account of the Principles of 
Optics, so far as they apply to Photography. l2mo, 
cloth, 108 illustrations and f oldiug plates 2 50 

COLLIN8 (JAS. K.). The private Book of Useful 
Alloy-*, and Memoranda for Goldsmiths, Jewelers, 
eic. 18ino, clotb 50 

CORNWALL (Prof. H. B.). Manual of Blow-pipe 
Analysis, Qualitative and Quantitative. With a 
Complete System of Determinative Mineralogy. 8vo, 
eloih. With many Illustrations 2 50 

CRAIG (B. F.). Weights and Measures. An Account 
of the Decimal System, with Tables of Conversion 
for Commercial and Scientific Uses. Square „2rao, 
limp cloth 5C 

CROCKKR (F. B.). Electric Lighting. A Practical 
Exposition of the Art, for use of Engineers. Students, 
and others interested in the Installation or Operation 
of Electrical Plants. Sixth edition, revised. 8vo, 

clot". Vol I. The Generating Plant 3 00 

Vol. IT. Distributing Systems and Lamps. Fourth 
edition 300 
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CROCKER, (F. B.), »nd 8. S. WHEKLER. The 
Practical Management of Dynaun s and Motors. 
Fourth edition (twelfth thousand). Kevised and 
enlarged With a special * hapter by H. A. Foster. 
12ino, cloth. Illustrated 1 00 

CUM MING (MNNuEUS M. A.). Electricity treated 
Experimentally. Fo the use of Schools and Students 
New edition. 12mo, cloth 1 50 

DA VI ES ( E. H.). Machinery for Metalliferous Mines. 
A Practical Treatise f«>r Mining Engineers. Metallur- 
gists and Managers of Mines. With upwards of 400 
illustrations. Second edition, rewritten aud en- 
larged. 8vo, cloth .....net 8 Jt 

DAT (CH \RLKS). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled by 
; W. H. Fowler. 12mo, cloth. 125 illustrations 2 00 

DERR (W. L.). Block Signal Operation. A Practical 
Manual. Oblong, cloth 150 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
General Information applicable to Shop-Tools, Milt 
Gearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruc- 
tion in Screw cutting, Valve and Link Motion, etc. 
16mo, full morocco, pocket form 125 



50 
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DODD (GEO ). Die fo nary of Manufactures, M'ning, . 
Machinery, and the Industrial Arts, lsmo, cloth ... 1 

DORR (B. F.). The Surveyor's Guide and Pocket 
Table Book. 18mo, morocco flaps. Fifth edition, 
revised, with a second appendix 8 00 

DRAPER (C. H.). An Elemen'ary T»»t B*ok of 
Light, Heat and Sound, « ith Numer us Examples. 
Fourth edition. 12mo, clotu. Illustrated 100 



H>at and the Principles of Tbermo-Dyami-s. 



witn many illustrations and numerical e samples. 
12mo, cloth 1 50 
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DUBOIS (A. J.). The New Method of Graphio 
8 alius. W ith CO Illustrations. 8vo, cloth 1 60 

EDDY (Prof. H. T.)« Researches in Graphical 
Suttica. Embracing New Constructions in Graphi- 
cal Statics, a New General Method in Graphical 
Statics, and the Theory of Internal Stress in Graphi- 
cal Statics. 8vo, cloth 160 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated. 8vo, cloth 1 60 

EI^SLKR (M.). The Metallurgy of Gold ; a Practical 
Treat it4H on the Metallurgical Treatment of Gold- 
Beat ing Ores, including the Processes of Concentra- 
tion and Chlorination, and the Assaying, Melting 
ami Refining of Quid. Fifth Edition, revised and 
greatly enlarged. 187 illustrations. lgmo, cloth. ... 7 50 

The Metallurgy of Silver ; a Practical Treatise on 

the Amalgamation, Roasting and Lixivation of Silver 
Ores, i Deluding the As-a\ ing. Melting and Refining 
of Silver Bullion. 134 illustrations. Second edition, 
enlarged, 12mo, cloth 4 09 

The Metallurgy of Argentiferous Lead ; a Practi- 
cal Treatise on the Smelting of Silver Lead Ores and 
the Refining of Lead Bullion. Including Reports 
on Various Smelting .Establishments and Descrip- 
tions of Modern Smelting Furnaces and Plants In 
Europe and America. With 183 illustrations. 8vo, 
cloth 600 

1 Cyanide Process for the Extraction of Gold and 

its Practical Application on the Witwatersrand Gold 
Fields in South Africa. Third edition, revised and 
enlarged. 8vo, cloth. Illustrations and folding plates 3 00 

A Hand-book on Modern Explosives, being a 



Practical Treatise on the Manufacture and use of 
Dynamite, Gun Cotton, Nitro-Glycerine and other 
Explosive Compounds, including the manufacture 
of Collodion-Cotton, with chapters on exploshes in 

I (radical application . Second edition, enlarged with 
60 illustrations. 12mo, cloth .6 00 

ELIOT (C. W.)t and STORE R (F. HA A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, by 
• Prof. William R. Nichols. Illustrated, twentieth * 
edition, newly revised by Prof. W. B. Lindsay. l2mo, 
Cloth.... net 1 25 
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ELLIOT (Maj. GEO. H.). European Lijrht-House 
Systems, being a Report of a 'lour of Inspection 
made in 1878. 61 engravings and 21 woodcuts. 8vo, 
cloth 500 

ELLISON, (LEWIS M.). Practical Application of 
the Indicator. With reference to the adjustment of 
Valve Gear on all styles of Engines. Second edition, 
revised. 8vo. cloth, 100 illustrations. 40| 

EVERETT (J. D.). Elementary Textbook o' 
Physics. Illustrated. Seventh edition 12mo,ck>t4 • 00 

EWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 159 illustrations. Svo, cloth 4 00 

FANNING. (J. T.). A Practical Treatise on Hydrau- 
lic and Water-Supply Engineering. Relating to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of water- works in North America. 180 
illustrations. 8vo, cloth. Fifteenth edition, revis- 
ed, enlarged, and new tables and illustrations 
added. 650 pages 5 00 

FISH (J. C. L/i. Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9xl2H, boards 100 

FISKE (Lieut. BRADLEY A., it. 8. N.). Electric- 
ity in Theory and Practices* or, The Elements of 
Electrical Engineering. Eighth edition. Svo, cloth 2 50 

FISHER (H. K. C. and DARBY, W. C). Students' 
Guide to Submarine Cable Testing. 8vo, cloth 2 60 

FISHER (W. C). The Potentiometer and its Ad-, 
juncts. 8vo, cloth 2 25 

FLEISCHMANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by C. M. Aikman and 
R. Patrick Wright. 8vo,cloth 4 00 

FLEMING (Prof. J. A.). The Alternate Current 
Transformer in Theory and Practice. Vol. 1— The 
Induction of Electric Currents; 61 1 pages. New edi- 
tion. Illustrated. 8vo, cloth 3 00 

Vol. 2. The Utilization of Induced Currents. Illus- 
trated. 8vo, cloth 5 Vb 

— - Electric Lamps and Electric Lighting. Being a 
course of four lectures delivered at the Royal Insti- 
tution, April-May, 1894. 8vo, cloth, fully illustrated 8 00 



X 
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FLEMING (Prof. J. A.). Electrical Laboratory 
Notes and Forms, Elementary and advanced. 4to, 
cloth, illustrated 5 00 

FOLEY (NELSON), and THOS. PRAT, Jr. The 

Mechanical Engineers' Reference Book for Machine 
and Boiler Construction, in 2 parts. Part 1 - General 
Engineering Data. Part 2— Boiler Construction. 
With fifty-one plates and numerous illustrations, 
specially drawn for this work. Folio, half mor . . . .35 00 

FORNEY (MATTHIAS N.). Catechism of the Loco- 
motive. Second edition, revised und enlarged. 
Forty-bixth thousand. 8vo, cloth 880 

FOSTER (Gen. J. O., U. 8. A.). Submarine Blasting 
in Boston Harbor. Massachusetts. Removal of 
Tower and Corwin Rocks. Illustrated with 7 plates 
4to. cloth 3 50 

FOSTER (H. A.). Electrical Engineers' Pocket Book . 
1000 pages with the collaboration of Eminent 
Specialists. Third edition, revised. Pocket size, 
full leather 5 00 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical aud other Liquids by the 
Multiple System in Vacuum and Open Air. Second 
edition. Diagrams and large plates. 8\ o, cloth 7 50 

FOWLER. Mechanical Engineers 1 Pocket Book for 

1805 100 

FOX (WM.) y and C. W. THOMAS. M. E. A 

Practical Course in Mechanical Drawing, second 
edition, revised. 12mo, cloth, with plates. 1 25 

FRANCIS (J AS. B., C. E.l. Lowell Hydraulic 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Water over 
Weirs, in open Canals of uniform rectangular 
section, and through submerged Orifices and 
diverging 'lubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, wiih many new experi- 
ments, and illustrated with 2S copper-plate engrav- 
ings. 4to, cloth 15 00 

FROST (GEO. H.). Engineer's Field Book. By C. 
8. Cross. To which are added seven cha pters on Rail- 
road Location and Construction. Fourth edition. 
12mo, cloth ....»- 1/00 
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FULLER (GEORGE W.). xieport on the Investiga- 
tions into the Purification of the Ohio River Water 
at Louisville, Kentucky, made to the President am* 
Directors of the Louisville Water Company. Pub 
lished under agreement with the Directors. 4to, 
cloth. 3 full page plates. net 10 00 

GEIPEL (WM.) ( and KILGOUR, mi. H.) A 

Pocketbook of Electrical Engineering Foi mula. Il- 
lustrated. 18mo, morocco 8 00 

GBRBER (NICHOLAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's Milk- 
Food. 8vo, cloth 1 25 

GESCHWIND (LUCIEN). Manufacture of Alum and 
Sulphates, and other Sails of Alumina and Iron; 
their uses and applications as mordants in dyeing 
and calico printing, and their other applications in 
the Arts, Manufactures, Sanitary Engineering, Agri- 
culture, and Horticulture. Translated from the 
French by Charles Salter. With tables, figures and 
diagrams. 8vo, cloth, illus. net 5 00 

GIBBS (WILLIAM V.)* Lishtingby Acetylene, Gen- 
erators, Burners and Electric Furnaces. With 06 
illustrations. Second edition revised. 12mo, cloth. . 1 60 

GILLMORE (GEN. Q. A.). Treatise on Limes, Hy- 
raulic cements, and Mortars. Papers on Practical 
Engineering, United States Engineer Department, 
No », containing Reports of numerous Experiments 
conducted in New York Cityduring the years of 1868 
to 1861, inclusive. With numerous illustrations. 8vo 
cloth 400 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
cloth 200 

Report on Strength of Building Stones In the 

United States, etc. 8vo, illustrated cloth 1 00 

GOLDING (HENRY A.). The Theta-Phi Diagram 
Prnctically applied to Steam, Gas, Oil and Air En- 
gines. l2mo, cloth. Illustrated. net 1 25 

GOODEVE (T. M.). A Text-Book on the Steam En- 
gine. With a Supplement on Gas-Engines. Twelfth 
Edition, enlarged. 148 illustrations. 12mo, cloth... 2 00 

GORE (G., F. R. S.). The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical) 
Ulus.rated. 8vo, cloth . 8 50 
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GOULD (E. SHERMAN). The Arithmetic of the 
Steam Engine, b vo, cloth 100 

GRIFFITHS (A. D., Ph. D.). A Treatise on Manures, 
or the Philosophy of Manuring A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. 12mo, cloth 8 00 

OBOYER (FREDERICK). Practical Treatise on 
Modern Gas ai.d Oil Engines. 8vo, cloth. Illustrated 2 00 

GURDEN (RICHARD IXOYD). Traverse Tables: 
computed to 4 places Decimals for every ° of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition, r olio, half morocco. ..7 50 

GUY ARTHUR (F.). Electric Light and Power, 
giving the Result of Practical Experience in Central 
SationWork. 8vo, cloth. Illustrated 2 50 

HAEDEIi (HERM %N C. E.). A Hand book on the 
8team Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second German edition, and 
transited with considerable additions and altera- 
c tionK by H. H. P. Powels. 12mo, cloth. Nearly 1 100 
illustrations 3 00 

HALL (WAT. S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. 8vo, cloth. 
Illustrated net 2 25 

HAI SE Y (F. A.). S ide Valve Gears; an Explanation of 
the action and Construction of Plain and Cut-off 
Slide Valves. Illustrated. 12 mo, cloth. Sixth 
edition 150 

The Use of the Slide Rule. Illustrated with 

diagrams and folding plates. 16ino, boards 50 

HAMILTON (W. G.). Useful Inform tion for Rail- . 
way Men. Tenth Edition, revi ed and enlarged. 
502 pages, pocket form. Morocco, gi.t 2 00 

HANCOCK (HERBERT). Text Hook of Mechan- 
ics and Hydrostatics, with over 500 diagrams. 8vo, 
cloth 175 

HARRISON (TV. B.). The Mechanics' Tool Book. 
With Practical Rules and Suggestions for use of 
Machinists, Iron-Workers, and others. Illustrated 
with 44 e gravnps. 12mo.cloc.ti 1 XQ 
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HASKINS (C. H.). The Galvanometer and its Uses. 
A M nual or Electricians and Students. Fourth 
edition. 12mo coh . 150 

HAWhE (WILLIAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Words m<I 
Phrases. Th* most complete and most useful general 
code ) ec published. 4to, cloth 5 00 

100.000 Words; Supplement to the Premier Cod-. 

All the words are select • from the official vocabu- 
lary. Oolong qua to, cloth . . . 4 20 

HAWKlNS(C.C.)andWALLH(F.K Th Dynano; 
its The ry. Design and Manufacture. 190 illustra* 
ti ns, 12m o, cloth 300 

HAY (ALFRED). Principles of Alternate-0 rren*; 
Wording Umo, cloth, ii. ustra ed . . . ... 2 00 

HEAP (Major D. P., U. S. A.). Electrical Appliances 
of th • I'rese-'t Day. Report * f the Paris Electrical 
Exposition of 1881 350 it lustrations. 8v o, cloth 2 00 

HE A MS IDE (OLIVER). Electomagnetlc Theory. 
8vo, c ot j, two volumes «aci 5 00 

HENRICI (OLAUSY. Skeleton Structures. Appli d 
to i he liuilding of S eel and Iron B. idges. Illustra t d 1 50 

HE RRMAN N (GUST A V). The fraphical Statics of 
M chani-m. A Guide for t e Use of Machinists, 
Archil ec s, and Engineers: and also a Tex -book for 
Technical School". Translated a d annotated bv A. 
P. Smith, M. E. 12 i o, cloth, 7 foluingplat s. Third 
Edition 800 

HERMANN (FELIX). Painting on Glass and Porce- 
lai • » nd Enamel Pai I'iug. On the Basis < f Personal 
Practical Expe ience f the • ondition • f the Art up 
to date Translated by Charles Salter Second 
greatly en arged editiou. bvo, clo h, Illustrations, 
net ... 350 

HEWSON (WM.). Princ pies and Pr>c i e of Em- 
bank i g L lids f m Hiver Floods, as ap t liid o the 
Levtes of the Mississi pi. 8vo, cloth 800 

HILL (JOHN W.>. Th Puriflcation of Public Water 
Supplies. Illustrat d with v. imble Tables. Dia- 
' grams and Cuts 8vo, clot , 304 pa n es 300 

— : — The Inter reta i n of Water Analyses. .(In Press) 
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HOBBS (W. B. P.). The Arithmetic of Electrical 
MeasuivmeDts with numerous examples* Fully 
Worked, 12mo, cloth .60 

HOFF (WM. B„ Com. U. S. Navy.)* The Avoidance 
of Collisions at Sea. 18mo, morocco 75 

HOLLEY (ALEXANDER I,.). Railway Practice. 
American and European Railway practice in the 
Economical Generation of Steam. 77 lithographed 
plates. Folio, cloth 138 00 

HOLMES (A. BROMLEY). The Electric Light Pop- 
ularly Explained. Fifth Edition. Illustrated. 12mo, 
paper 50 

HOPKINS (NEVIL M.). Model Engines and small 
Boats. New Methods of Engine and Boiler Making 
with a chapter on Elementary Ship Design and 
Construction. 12mo, cloth 125 

HOSPITALIER (E.). Polyphased Alternating Cur- 
rents. Illustrated. 8vo, cloth 140 

HOWARD (C. R.). Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing 
Simple and Labor-saving Methods of obtaining Pris- 
moidal Contents directly from End Areas. Illustra- 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth 1 80 

HUMBER (WILLIAM, C. E.). A Handy Book for 
the Calculation of Strains in Girders and Similar 
Structures, and their Strength ; Consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. 
Fourth Edition. 12mo, cloth 2 50 

HURST (GEORGE H.). Colour; A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams. 8vo, cloth. Illustrated. Price. ... 2 50 

Lubricating Oils, Fats and Greases. Their Origin , 
Preparation, Properties, Uses and Analysis. 313 
pages, with 65 illustrations. 8vo, cloth 8 00 

Soaps; A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. Illustrated with 
66 Engravings. 8vo, cloth 5 00 
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HUTCHINSON (W. B.). Patents and How to Make 
Mo ey out of Them . Member of New Yi rk Bar. 
12mo, cloth. New York, 1899 185 

HUTTON (W. 8.). Steam Boiler Construction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent practice in the 
design, construction, and working of all kinds of 
stationary, locomotive and marine steam boilers. 
With upwards of 500 illustrations. Third edition. 
Carefully revised and much enlarged. 8vo, cloth.. . 6 00 

Practica Engineer's Hand-book, Comprising a 
treatise on Modern Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 670 
illustrations. 8vo, cloth 7 00 

The Works 1 Manager's Hand-book of Modern 
Rules, Tables, and Data for Civil and Mechanical 
Engineers. Millwrights and Boiler Makers, etc., etc. 
With upwards of 160 illustrations. Fifth edition. 
Carefully revised, with additions. 8vo, cloth 6 00 

INNKS (CHARLES H.). Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 50 

— Centrifueal Pumps, Turbines and Water Motors. 
Including the Theory and Practice of Hydraulics. 
12mo, cloth net 2 00 

ISHERWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustra- 
tions. 2 vols, iu 1. 8vo, cloth S 50 

JAMESON (CHARLES D.\ Portland Cement Its 
Manufacture and Use. 8vo, cloth 1 50 

JAMIESON (ANDREW C. E/>. A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science and Art, City and Guilds of London 
Institute, and other Engineering students. Tenth 
edition. Illustrated. 12mo, cloth 8 00 

■ Elementary Manual on Steam and the Steam 
Engine. Specially arranged for the use of First- 
Year Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. 12mo, cloth 1 BO 
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